
Introduction

• Fracturing of deformable media is 
relevant to geo-engineering and 
natural settings (e.g. contaminant 
remediation1 and drying of soil2)

• It is a poorly understood process; 
multiphase flow between gas, liquid 
and granular media are complex

• We study and quantify simple 2D 
model system using Hele-Shaw cell, 
with narrow outlet opposite an 
open edge

Method

• Sieved granular material allowed to 
settle in vertical water-filled cell 
(layers can be formed with 
heterogeneous grain size)

• Cell laid horizontally and water 
withdrawn or air injected at set rate 
via outlet

• Pressure in system recorded and 
fractures imaged with time-lapse
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Results 

1. Fractures

• Grow when pressure overcomes 
frictional resistance and pore-
capillary forces between grains

• Grow in an intermittent (stick-slip) 
space filling process; not fractal or 
directional and never intersect

• Grains are displaced locally 
forming compaction front; material 
properties can predict front width 
(spatial density of fractures) 

2. Layers

• Smaller grains � smaller pores 
� lower permeability � higher 
fracturing pressure

• Cell filled with heterogeneous 
grain sizes (layers) stops fracturing 
when bounded area is filled with 
compaction fronts

• Capillary fingering then 
continuously occurs (invasion of 
pores with no grain motion) until 
pressure required to breach next 
layer is reached

Conclusion

• Simple experiment used to study 
fracturing dynamics in complex 
three-phase flow

• Found fracture spatial density to 
be predictable using basic material 
properties

• Heterogeneous permeability 
layers cause complete space filling 
via capillary fingering; part of 
ongoing research

• Aim to develop model for relative 
rate at which fingering occurs and 
volume invaded compared with 
initial fracturing
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Fig. 2: Experimental setup. Air invades water saturated granular packing 
in branching fracture pattern. Blue colouration from light source.

Fig. 3: Measured gas pressure during fracturing of 53-100µm
beads (black line) alongside fracture growth rate (coloured bars).Fig. 1: Photo of mud cracks. Credit: Jared Tarbell Photography.

Fig. 4: Fracture pattern corresponding to the above graph 
coloured by formation time, using the same colour scale.

Fig. 5: Measured gas pressure during fracturing of decreasing bead 
size layers: 250-300, 200-250, 150-200, 100-150 and 75-100µm. 

Fig. 6: Raw image of experiment measured in the above graph. Air 
invasion has just breached into the 150-200µm layer.

Fig. 7: a) Photograph of a fracture in 53-100µm beads; b) grain 
displacement field exaggerated 50X; c) granular bed density relative 
to start of experiment (red area compaction, blue area expansion).


